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(54) Small hole electric discharge machine drill provided with depth-specific processing means 
and method of depth-specific processing with small hole electric discharge machine drill 



(57) Disclosed is a method of depth-specific 
processing with a small hole electric discharge machine 
drill. Firstly a specified processing depth A and toler- 
ance a are registered with a program. Secondary, an 
origin of initiation of drilling is set on a surface of a work- 
piece by contacting a tip of an electrode D with the sur- 
face of the workpiece at a check point. Thirdly, the elec- 
trode is moved to a processing position to process until 
the specified processing depth. Fourthly, the electrode 
is moved to a position above the check point. Fifthly, the 
electrode is moved downward until the electrode con- 
tacts the surface of the workpiece, a Z-axis coordinate 
upon contact is defined as C. And finaly, a condition 
judgment is made concerning C which is found in the 
fifth step, as to whether or not ICI < a is satisfied. If the 
condition is satisfied, then processing is completed. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a small hole 
electric discharge machine drill provided with depth- 
specific processing means and with a turntable which is 
tillable in water, and to a method of depth-specific 10 
processing with the small hole electric discharge ma- 
chine drill. 

Description of the Related Art 

15 

[0002] To date, there have been no small hole electric 
discharge machine drills (hereinafter referred to as 
"small hole EDM drills") provided with turntables which 
are usable in water as well as tillable. Therefore, small 
hole processing with various inclinations with respect to 20 
a worked surface has been performed on a workpiece 
on a worktable set out in the air. 
[0003] In the meantime, there are the following two 
methods of specifying depth of a processed small hole 
in a small hole processing method using a conventional 25 
small hole EDM drill. 

1 . A method that an attrition degree of an electrode 
to be used is measured in advance by test process- 
ing or the like, and then a depth -specific value (a Z- 30 
axis travel instruction value) is determined while re- 
flecting the measured value. 

2. A method that an attrition degree of an electrode 
to be used is measured in advance by test process- 
ing or the like in order to enhance precision of a 35 
depth of a processed hole, and processing takes 
place in a processing repetition frequency deter- 
mined in advance in the event of processing accord- 
ing to a depth-specific value (a Z-axis travel instruc- 
tion value) which reflects the measured value. 40 

[0004] Now, description will be made a little more con- 
cretely regarding the foregoing second method. 

(1 ) A tip of an electrode is aligned in a position on 
a surface of a workpiece and the position is set as 
an origin (Z=0) to initiate drilling, and then the work- 
piece is processed until a specified depth in accord- 
ance with the depth-specific value (the Z-axis travel 
instruction value) reflecting the above-described so 
measured value. 

(2) After the step (1) is finished, the tip of the elec- 
trode is aligned once again in the position on the 
surface of the workpiece and the position is set 
again as an initial point (Z=0) of processing (while 55 
canceling an attrition amount of the electrode), and 
then the workpiece is processed until the specified 
depth as set in the step (1). 



(3) The step (2) is repeatedly performed in a spec- 
ified frequency and the process is completed. 

SUMMARY OF THE INVENTION 

[0005] However, conventional small hole processing 
by use of a bar pipe electrode has a problem that a proc- 
ess fluid from the inside of the pipe is not sufficiently 
supplied to a processed portion on an extracting edge 
of a processed hole thus causing aerial discharge, 
whereby the electric discharge becomes unstable and 
processing time is increased. There is also a problem 
that heat accruing from the electric discharge causes 
discoloration or deterioration of a workpiece, and incurs 
burrs on an entrance portion of the processed hole. 
Moreover, the above-described method 1 of the related 
art also has a problem that the attrition degree of the 
electrode varies depending on conditions of electric dis- 
charge processing (such as electric processing condi- 
tions, materials of electrodes and workpieces, and 
depths of processed holes, for example), therefore, it is 
difficult to find an accurate depth -specific value. In ad- 
dition, measuring an attrition degree of an electrode re- 
quires a lot of time. 

[0006] Meanwhile, regarding the method 2 of the re- 
lated art, there is a problem that the frequency needs to 
be increased for enhancing precision of a depth of a 
processed hole, whereby processing time per hole be- 
comes extremely long when high precision is expected. 
[0007] The present invention has been made to re- 
solve the foregoing problems. A first object of the 
present invention is to provide a small hole electric dis- 
charge machine drill provided with depth-specific 
processing means and with a tillable turntable which is 
usable in water. In addition, a second object of the 
present invention is to provide a method of depth-spe- 
cific processing upon small hole electric discharge 
processing with a small hole electric discharge machine 
drill, which does not require measurement of an attrition 
degree of an electrode prior to processing, and which is 
capable of processing a hole with a depth in a range of 
desired precision without specifying, a repetition fre- 
quency. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Fig. 1 is a front view showing a small hole electric 
discharge machine drill according to one embodi- 
ment of the present invention, which is provided 
with depth-specific processing means capable of 
depth-specific processing. 
Fig. 2 is a right side view of Fig. 1 . 
Fig. 3 is a partially enlarged view of a portion corre- 
sponding to a turntable unit 17 in Fig. 2. 
Fig. 4 is a cross -sectional view taken along a line 
IV-IV in Fig. 3. 
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Fig. 5 is a block diagram describing a constitution 
of a CNC control unit provided with the depth-spe- 
cific processing means according to the present in- 
vention. 

Fig. 6 is a view for describing a relation between a 
processed hole and tolerance in the case of 
processing a small hole with a depth A. 
Fig. 7 is a view for describing a process situation by 
the method of depth-specific processing according 
to the present invention upon small hole electric dis- 
charge processing. 

Fig. 8 is a flowchart for describing processing steps 
of the method of depth-specific processing accord- 
ing to the present invention upon small hole electric 
discharge processing. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0009] Now, an embodiment of the present invention 
will be described with reference to the accompanying 
drawings. 

[0010] Fig. 1 to Fig. 4 collectively show one embodi- 
ment of the present invention, which is a small hole elec- 
tric discharge machine (EDM) drill 10 of six-axis control 
(X, Y, W, Z, A and B) provided with a computer numerical 
control (CNC) control unit. 

[0011] On a pedestal 4 of the small hole EDM drill 10 
as collectively illustrated in the drawings, provided is a 
Y-axis table 6 capable of traveling and aligning in a Y- 
axis direction by unillustrated driving means and by a Y- 
axis driving motor M y . 

[001 2] A tray 7 is provided as integrally fixed to the Y- 
axis table 6. An insulative stone surface plate 9 is pro- 
vided on the tray 7, and an L-shaped bracket member 
1 1 is integrally provided on the stone surface plate 9. 
[0013] A work tank 15 for containing a working fluid 
13 such as low-conductive deionized water is fitted on 
the above-mentioned bracket member 11. A tillable 
turntable unit 1 7 for fixing a workpiece W thereto is pro- 
vided inside the work tank 15. 
[0014] Now, description will be made further in detail 
regarding the above-mentioned turntable unit 17 with 
reference to Fig. 3 and Fig. 4. 
[0015] The turntable unit 17 includes an A axis with 
the center of rotation on a shaft center parallel to a Z 
axis (in the longitudinal direction in Fig. 1 or Fig. 3), and 
a B axis (a tilting axis) with the center of rotation on a 
shaft center orthogonal to the A axis (parallel to a Y axis 
and orthogonal to an X axis). 

[0016] A B-axis rotating shaft 19 as a driving portion 
of the above-mentioned B axis is rotatably supported by 
a B-axis fitting portion 11b via a bearing 21. Here, the 
B-axis fitting member 11b extends upward along a right 
side wall surface (on the right side in Fig. 2 or Fig. 3) of 
the work tank 15 from a horizontal bottom portion 11a 
of the L-shaped bracket member 1 1 on the stone surface 
plate 9. The B-axis rotating shaft 19 is provided so as 
to penetrate the right side wall surface of the work tank 



1 5 and extend to almost a central portion inside the work 
tank 15. 

[0017] An outer ring and an inner ring of the bearing 
21 are fixed to the B-axis fitting portion 11b of the L- 

5 shaped bracket member 11 with an annular bearing 
holder 22 and an annular nut member 24. 
[0018] On a shaft center portion of the B-axis rotating 
shaft 1 9, provided is a blind hole 23 which has an open- 
ing on a right end thereof and extends horizontally to- 

10 wards the vicinity of a left end thereof along the shaft 
center of the B-axis rotating shaft 19. Moreover, a turn- 
table 27 is fitted to an upper portion on the left end of 
the B-axis rotating shaft 1 9 via a speed reducer 25 with 
a large axle ratio (about 1/100) such as Harmonic 

15 Drive™. 

[0019] A bottom housing portion 26a of the above- 
mentioned speed reducer 25 is fixed to the B-axis rotat- 
ing shaft 1 9 in a state of protruding inward the blind hole 
23. An input shaft 29 for A-axis driving, which is rotatably 

20 supported by this bottom housing portion 26a, protrudes 
out of the bottom housing portion 26a. A timing pulley 
31 is fitted to this input shaft 29. 
[0020] Meanwhile, inside an upper housing portion 
26b of the speed reducer 25, an output shaft 33 for A- 

25 axis driving is provided rotatably via a bearing 35. A bot- 
tom face of the above-mentioned turntable 27 is fixed 
integrally to an upper end of this output shaft with fas- 
tening parts such as screws (illustration omitted). 
[0021 ] Moreover, an A-axis drive motor M A is fitted via 

30 a bracket 37. Here, the bracket 37 is fitted so as to stride 
across the opening of the blind hole 23 of the B-axis 
rotating shaft 19. A timing belt 41 is girded between a 
timing pulley 39 provided on an output shaft of this A- 
axis drive motor M A and the timing pulley 31 provided 

35 on the input shaft 29 of the speed reducer 25. 

[0022] In addition, a B-axis drive motor M B for driving 
the B-axis rotating shaft 1 9 is provided inside an air 
chamber 43 which is fitted to the L-shaped bracket 
member 1 1 . This air chamber 43 is provided so as to 

^0 shut out the outside air from the opening of the blind 
hole 23 of the B-axis rotating shaft 19 and to surround 
and enclose the A-axis drive motor M A and the B-axis 
drive motor M B . 

[0023] Moreover, a timing pulley 45 is provided on an 
*3 output shaft of the B-axis drive motor M B , and a timing 
belt 49 is girded between a timing pulley 47 provided on 
an outside diametrical portion at a right end of the B- 
axis rotating shaft 19 and the timing pulley 45. 
[0024] A space between the inside of the housing of 
so the speed reducer 25 and the work tank 15 is sealed 
with a seal 51 to avoid infiltration of the working fluid 13 
into the speed reducer 25. Moreover, an appropriate 
seal such as an O ring is also provided at an engaging 
portion of the bottom housing portion 26a and the blind 
55 hole 23 of the B-axis rotating shaft 1 9 to avoid infiltration 
of the working fluid 13 into the blind hole 23. 
[0025] Moreover, a seal 53, a seal holder 55 and the 
like are also provided at an engaging portion where the 
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B-axis rotating shaft 19 penetrates the wall surface of 
the work tank 1 5 in order to prevent leakage of the work- 
ing fluid 13 to the outside of the tank. Furthermore, the 
air chamber 43 constitutes an airtight state by sealing 
off from the outside air, and simultaneously depressu- 
rizes the air from a pneumatic source 57 to about 1 .1 
atm. with a pressure reducing valve 59 for supplying the 
depressurized air into the air chamber 43 at any time, 
whereby the working fluid 13 is inhibited from leaking in 
the blind hole 23 and the air chamber 43. 
[0026] On a back surface of the turntable 27, provided 
is an annular elect roconductive ring 61 which is electri- 
cally conductive to the turntable 27. An electroconduc- 
tive brush 63 which always contacts with this electro- 
conductive ring 61 is supported by an electroconductive 
brush supporting member 65 provided on the B-axis ro- 
tating shaft 1 9. 

[0027] Note that the electroconductive brush 63 and 
an electrode Dare connected with an electric discharge 
power source (illustration omitted). 
[0028] In the above-described constitution, It is pos- 
sible to rotate the turntable 27 around the A axis by an 
appropriate angle if the A-axis drive motor M A is rotated 
appropriately under control of a control unit 1 2 to be de- 
scribed later. Similarly, it is possible to tilt the turntable 
27 clockwise or counterclockwise if the B-axis drive mo- 
tor M B is rotated normally or in reverse as appropriate. 
Furthermore, it is possible to align the turntable 27 in an 
arbitrary position in the Y-axis direction by appropriately 
rotating the Y-axis drive motor M Y . 
[0029] Now, while referring to Fig. 1 and Fig. 2, pro- 
vided on the pedestal 4 at the back of the work tank 1 5 
(at the right side in Fig. 1) is a gate frame 67, which is 
composed of right and left braces 67a and 67b and a 
beam member 67c laid over the right and left braces 67a 
and 67b. 

[0030] A guide rail (illustration omitted) protected by 
bellows 69 is provided on the beam member 67c of the 
gate frame 67, and an X-axis carriage 71 is provided 
movably on this guide rail. In addition, provided on this 
X-axis carriage 71 is a Z-axis carriage 73, which can 
travel and be aligned to an arbitrary position along the 
2 axis (a processing axis) by a Z-axis drive motor M z . 
Note that the X-axis carriage 71 can be aligned to an 
arbitrary position along the X axis by an X-axis drive mo- 
tor M x . Moreover, provided on the Z-axis carriage 73 is 
a W-axis drive motor M w , which moves the Z-axis car- 
riage 73 to an appropriate height with respect to the X- 
axis carriage 71 . 

[0031] The hollow or solid bar electrode D for small 
hole processing is rotatably supported by the Z-axis car- 
riage 73. In addition, provided is a motor (illustration 
omitted) for rotating the bar electrode D around the A 
axis. Moreover, working fluid supplying means (illustra- 
tion omitted) for supplying the working fluid (such as 
deionized water) is provided when the bar electrode D 
is a hollow electrode (that is, a pipe electrode). 
[0032] Fluid level controller 77 is provided on the work 



tank 1 5 for controlling a fluid level of the working fluid in 
accordance with a position of a surface of a workpiece. 
For example, the Fluid level controller 77 has a consti- 
tution as follows. 

5 [0033] As shown in Fig. 1 , a notch 79 is provided on 
a sidewall of the work tank 15 from an upper portion 
thereof downward to a depth of H. Moreover, a gate 81 
is provided as capable of ascending and descending 
along the notch 79 by appropriate guiding means (illus- 

10 tration omitted). A nut member 83 is provided integrally 
on the gate 81 . A feed screw 85, which Is rotated by a 
gate drive motor M L fitted to the work tank 1 5, is screwed 
into the nut member 83. 

[0034] Note that the depth H of the above-mentioned 
*5 notch 79 is designed as slightly lower than the position 
of the surface of the turntable 27 when the turntable 27 
Is in a horizontal position (when a B-axis rotation angle 
is at 0°). 

[0035] The fluid level inside the work tank 15 can be 
20 arbitrarily set by moving the gate 81 of the above-de- 
scribed Fluid level controller 77 up and down by driving 
the gate drive motor M L . 

[0036] In other words, the working fluid 1 3 is arranged 
to be supplied to the work tank 15 at any time from a 

25 working fluid supplying unit (illustration omitted), and the 
working fluid 1 3 is arranged to overflow at any time from 
this notch 79 to the tray 7. A drain outlet 87 is provided 
on the tray 7, and the working fluid 13 is arranged to 
return to a tank of the working fluid supplying unit (illus- 

30 tration omitted) through the drain outlet 87. 

[0037] Instead, the above-described Fluid level con- 
troller 77 may include a valve at a bottom portion of the 
work tank 15 and fluid level detector controlling drainage 
of the working fluid 13. Similar fluid level control is there- 

35 by feasible. 

[0038] On the brace 67b of the gate frame 67, provid- 
ed is a CNC control unit 12 which can control the six 
control axes (X, Y, W, Z, A and B) among others. This 
CNC control unit 12 can perform three-dimensional (X, 

40 Y and Z) alignment of the bar electrode D with respect 
to a workpiece W by controlling the X-axis drive motor 
M x , the Y-axis drive motor M Y and the Z-axis drive motor 
M 2 . 

[0039] As shown in Fig. 5 : data inputting means 16 
45 such as a keyboard, displaying means 1 8 such as a liq- 
uid crystal display device, a process program memory 
20 and the like are connected to a data bus DB of a cen- 
tral processing unit 14 provided on the above-men- 
tioned CNC control unit 12. 
so [0040] In addition, origin setting means 22 for setting 
an origin (Z=0) at initiation of drilling by contacting a tip 
of the bar electrode D onto a checking point P, process 
error detecting means 24 for finding a Z-axis coordinate 
(Z=C) when the tip of the bar electrode D contacts the 
55 surface of the workpiece and subsequently detecting an 
process error E (E=IA-BI = I CI) from the Z-axis coordi- 
nate C, and process error judging means 26 forjudging 
as to whether or not the detected process error E re- 
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mains within a range of tolerance a (ICI < a) are con- 
nected to the data bus DB. Moreover, the origin setting 
means 22. the process error detecting means 24 and 
the process error judging means 26 collectively consti- 
tute depth-specific processing means 28. 
[0041] In the above-described constitution, when 
small hole processing takes place, the workpiece W is 
fitted to the turntable 27 in the state that the working fluid 
13 is drained out of the work tank 15. Thereafter, the 
working fluid 13 (such as deionized water) is injected 
until the surface of the workpiece W is soaked in the 
working fluid 13. 

[0042] Subsequently, a distance between the surface 
of the workpiece W and the tip of the bar electrode D is 
appropriately set by the W-axis drive motor M w as well 
as the X-axis drive motor M x and the Y-axis drive motor 
M Y are appropriately driven to align the bar electrode D 
to desired X-Y coordinates on the workpiece W. Even- 
tually, electric discharge processing can be performed 
while controlling travel of the bar electrode D along the 
Z axis by the Z-axis drive motor M z . 
[0043] Moreover, by rotating the A axis and the B axis 
of the turntable 27 by appropriate angles in the above- 
described small hole processing, it is possible to per- 
form electric discharge processing on the workpiece W 
with respect to all surfaces except a bottom surface 
thereof without re-fitting the workpiece W to the turnta- 
ble 27. 

[0044] In addition, the fluid level of the working fluid 
13 inside the work tank 15 can be controlled automati- 
cally by the Fluid level controller 77 so as to position 
slightly higher than the level of the surface of the work- 
piece Wat any time. 

[0045] Next, description will be made regarding a 
method of depth-specific processing with the above- 
mentioned small hole EDM drill with reference to the ac- 
companying drawings. 

[0046] Fig. 6 is a view showing a state of processing 
a small hole 1 of a depth A from the surface of the work- 
piece W. The depth of the processed hole 1 should be 
sufficiently in a range A ± a. Here, a denotes tolerance 
with respect to the depth A of the processed hole. 
[0047] Fig. 7 is an explanatory view for a process sit- 
uation by the method of depth-specific processing ac- 
cording to the present invention upon small hole electric 
discharge processing. Fig. 8 Is a flowchart for describing 
processing steps of the method of depth -specific 
processing according to the present invention upon 
small hole electric discharge processing. 
[0048] In the following, the processing steps of the 
method of small hole processing according to the 
present invention will be described with reference to Fig. 
7 and Fig. 8. 

[0049] In the case of processing the small hole 1 with 
the depth in the range A ± a, for example, a process 
program is registered with the process program memory 
20 provided on the CNC control unit 12 of the six-axis 
control (X, Y, W, Z, A and B) small hole EDM drill 10 



shown in Fig. 1 (Step S1). Here, the process program 
includes position coordinates (X, Y) of the processed 
hole, the depth (A) of the processed hole, the tolerance 
(a) with respect to the depth (A), a diameter of the proc- 
5 essed hole, electric processing conditions and the like. 
[0050] Subsequently, the electrode D is moved to- 
ward a position above the origin check point P which is 
set up in an arbitrary position on the surface of the work- 
piece W in order to confirm a Z-axis origin of the bar 
10 electrode D, and then the electrode D is moved toward 
a negative direction of the Z axis, that is, downward to 
the surface of the workpiece W, whereby the Z-axis co- 
ordinate in the event that the tip of the electrode D con- 
tacted the surface of the workpiece W is set to Z=0 (or 
15 reset to Z=0) (StepS2). 

[0051 ] A publicly-known detecting method is used for 
contact detection of the electrode D with the surface of 
the workpiece W. For example, one of publicly-known 
detecting methods is to detect electric conduction be- 
tween the electrode D and the workpiece W. In addition, 
the electrode D is designed to stop traveling along the 
Z axis immediately upon contact detection. 
[0052] Subsequently, the electrode D is lifted up and 
moved to the position (X, Y) to perform processing, and 
then the electrode D is moved downward along the Z 
axis until the Z-axis coordinate thereof reaches Z=-A, 
thus drilling the small hole 1 of a specified processing 
depth of A (Step S3). 

[0053] In the above-mentioned process until the spec- 
ified processing depth of A, the tip of the electrode D is 
consumed during electric discharge processing and 
thereby shortened. Accordingly, if a depth of the small 
hole actually processed is B and a consumed length of 
the electrode D is C, then B=A-C+8. Here, 5 denotes an 
electric discharge gap between the tip of the electrode 
and the bottom of the processed hole, which is a very 
small value in a range from about 0.005 mm to 0.01 mm. 
Therefore, if precision of the depth specification of the 
processed hole can ignore 8, then the depth B of the 
small hole actually processed can be calculated as 
B=A-C assuming that 8=0. In the following, description 
will be made based on the assumption that 5=0. 
[0054] Subsequently, the tip of the electrode D is lifted 
up from the Z-axis coordinate Z=0 and moved to a po- 
sition above the check point P (Step S4). At the check 
point P, the tip of the electrode D is moved down to con- 
tact the surface of the workpiece W, and then a Z-axis 
coordinate where the tip of the electrode D contacts the 
workpiece W is determined as Z=C (Step S5). 
[0055] The above-described Z-axis coordinate Z=C 
coincides with the consumed length of the electrode D 
upon processing until the specified processing depth A 
in Step S3. In other words, the consumed length C of 
the electrode D in Step S3 is thereby found. Therefore, 
if a process error is E, then: 

E=IA-BI=ICI . (1) 
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[0056] Subsequently, condition judgment (Step S6) 
takes place as to whether or not the error E (=ICI) of the 
processed hole in Step S3 remains within the tolerance 
a; that is: 



ICI<a 



(2) 



If such a condition is not satisfied, then a routine from 
Step S2 to Step S6 will be iterated until the condition is 
satisfied in Step S6. 

[0057] When the condition is satisfied in Step S6, 
small hole processing in this processing position is com- 
pleted. In this event, the depth B of the small hole actu- 
ally processed remains in a range A+ot > B > A-a, as 
derived from the formulas (1 ) and (2). 



Claims 

1 . A method of depth-specific processing of a work- 
piece fixed to a small hole electric discharge ma- 
chine drill, the method comprising: 

a first step of registering positional coordinates 
of a hole to be processed on a surface of the 
workpiece, a specified processing depth and 
tolerance of the specified processing depth with 
a process program; 

a second step of providing a check point for 
checking an origin of initiation of drilling in a po- 
sition on a surface of the workpiece and setting 
the origin of initiation of drilling by contacting a 
tip of a bar electrode with the check point; 
a third step of moving the bar electrode to a po- 
sition above a processing position of the hole 
to be processed and drilling until reaching the 
specified processing depth; 
a fourth step of moving the tip of the bar elec- 
trode to a position above the check point on the 
surface of the workpiece after completing drill- 
ing in the third step;. 

a fifth step of moving the tip of the bar electrode 
traveled to the position above the check point 
downward until the tip of the bar electrode con- 
tacts the surface of the workpiece and finding 
a coordinate in a normal direction with respect 
to a plane of the workpiece when the tip of the 
bar electrode contacts the surface of the work- 
piece; and 

a sixth step of judging a condition as to whether 
the coordinate found in the fifth step satisfies 
la value of the coordinate found in the fifth stepl 
< the tolerance, 

wherein processing of the hole to be proc- 
essed in the positional coordinates is completed if 
the condition is satisfied, and 



if the condition is unsatisfied in the sixth step, 
the steps from the second step to the sixth step are 
iterated until the condition is satisfied. 

5 2. A small hole electric discharge machine drill com- 
prising: 

depth-specific processing means for perform- 
ing depth-specific processing by inputting at 
10 least a specified processing depth and toler- 

ance of the specified processing depth, 

wherein the depth-specific processing means 
further includes: 

15 

origin setting means for setting an origin of ini- 
tiation of drilling; 

process error detecting means for detecting an 
error of the specified processing depth; and 

20 process error judging means for judging as to 

whether the tolerance of the specified process- 
ing depth and the process error detected by the 
process error detecting means satisfy a formula 
as defined by Ithe process errorl < the toler- 

25 a nee. 

3. A small hole electric discharge machine drill com- 
prising: 

30 a turntable having rotation axes of a first axis, 

of which a center of rotation is defined as a shaft 
center parallel to a processing axis, and a sec- 
ond axis, of which a center of rotation is defined 
as a shaft center orthogonal to the first axis, 

35 wherein the turntable is provided inside a work 

tank for filling a working fluid therein. 

4. The small hole electric discharge machine drill ac- 
cording to claim 3, 

40 

wherein the turntable is disposed rotatably on 
one end inside the work tank of a second axis 
rotating shaft which extends from an outside of 
the work tank to an inside thereof, 
45 the second axis rotating shaft is provided with 

a blind hole which has an opening outside the 
work tank and extends to an end portion inside 
the work tank, 

a first axis drive motor is provided outside the 
50 work tank via the blind hole for rotating the turn- 

table, and 

a second axis drive motor is provided outside 
the work tank for driving the second axis rotat- 
ing shaft. 



55 



5. The small hole electric discharge machine drill ac- 
cording to claim 4, further comprising: 
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an air chamber to shut out outside air from the 
blind hole of the second axis rotating shaft, 
wherein the first axis drive motor and the sec- 
ond axis drive motor are disposed inside the air 
chamber, and 5 
air at about 1 .1 atm. is always supplied to the 
air chamber from a pneumatic source. 

The small hole electric discharge machine drill ac- 
cording to claim 3, further comprising: '0 

Fluid level controller for controlling a fluid level 
of the working fluid inside the work tank in a lev- 
el slightly higher than a surface of a workpiece. 

15 

The small hole electric discharge machine drill ac- 
cording to claim 6, 

wherein the Fluid level controller comprises: 

a notch provided on a sidewall of the work tank so 
from an upper portion thereof downward; 
a gate which ascends and descends along the 
notch ; 

a nut member fitted to the gate; and 

a driving portion which rotates the nut member, 25 

and 

the excess working fluid is allowed to overflow 
from the notch by moving the gate up and down 
by the driving portion. 

30 
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(54) Small hole electric discharge machine drill provided with depth-specific processing means 
and method of depth-specific processing with small hole electric discharge machine drill 



(57) Disclosed is a method of depth -specific 
processing with a small hole electric discharge machine 
drill. Firstly, a specified processing depth A and toler- 
ance a are registered with a program. Secondary, an 
origin of initiation of drilling is set on a surface of a work- 
piece by contacting a tip of an electrode D with the sur- 
face of the workpiece at a check point. Thirdly, the elec- 
trode is moved to a processing position to process until 
the specified processing depth. Fourthly, the electrode 
is moved to a position above the check point. Fifthly, the 
electrode is moved downward until the electrode con- 
tacts the surface of the workpiece, a Z-axis coordinate 
upon contact is defined as C. And finaly, a condition 
judgment is made concerning C which is found in the 
fifth step, as to whether or not ICI < a is satisfied. If the 
condition is satisfied, then processing is completed. 
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The Search Division considers that the present European patent application does not comply with the 
requirements ot unity ol invention and relates to several inventions or groups ol inventions, namely: 

1. claims: 1,2 

a method of depth-specific processing of a workpiece and a 
small hole electric discharge machining drill comprising 
depth-specific processing means. 



2. claim: 3+4 and 3+4+5 

A small hole electric discharge machine drill comprising a 
turntable having rotation axes of a first axis, and a second 
axis and provided inside a work thank as is known from 
JP58010427 and FR2473931 and having the additional feature 
of having a first and a second axis drive motor 



3. claim: 3+6 and 3+6+7 

A small hole electric discharge machine drill comprising a 
turntable having rotation axes of a first axis, and a second 
axis and provided inside a work thank as is known from 
JP58010427 and FR2473931 and having the additional feature 
of a fluid level controller. 
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